Trifluoroethanol promotes helix formation by destabilizing backbone exposure: desolvation rather than native hydrogen bonding defines the kinetic pathway of dimeric coiled coil folding.
We measure the effects of low concentrations of helix-stabilizing cosolvents, including 2,2,2-trifluoroethanol (TFE), on the thermodynamics and kinetics of folding of the dimeric alpha-helical coiled coil derived from the leucine zipper region of bZIP transcriptional activator GCN4. The change in kinetic behavior upon addition of 5% (v/v) TFE indicates that it stabilizes the transition state to the same degree as the fully helical native state. However, folding rates are largely insensitive to alanine to glycine mutagenesis, indicating that the majority of helical structure is formed after the transition state. Equilibrium hydrogen isotope partitioning measurements indicate that intramolecular hydrogen bonds are not strengthened by TFE and that amide hydrogen bonds in the transition state are nearly the same strength as those in the unfolded state. Thus, the mechanism by which TFE exerts its helix-stabilizing effects can be divorced from helix formation and does not depend on the strengthening of intrahelical hydrogen bonds. Rather, TFE increases the structure of the binary alcohol/water solvent, thereby increasing the energetic cost associated with solvation of the polypeptide backbone. At low concentrations, TFE destabilizes the unfolded species and thereby indirectly enhances the kinetics and thermodynamics of folding of the coiled coil. A high degree of polypeptide backbone desolvation, and not the formation of regular helical structure and native strength hydrogen bonds, is the critical feature of the transition state for folding of this small dimeric protein.